This research paper presents a historical analysis of the unprecedented growth of dengue fever cases in Delhi (the capital city of India) during 2015 with an objective to identify factors responsible for its spread and suggest corrective measures to control the disease. The study was conducted based on secondary data with respect to dengue spread in Delhi from various sources, such as newspapers, published scientific research papers, internet, and news bulletins of the health organizations at the central and state governments in India. Data with respect to Ayurvedic treatment of dengue fever was from the selected employees of a private hospital in Faridabad (State of Haryana, India). As a result, two factors were identified to be responsible for the fast spread of dengue: climatic conditions and the delayed reaction of health organizations to control mosquitoes. Another unique finding in this study was that most patients go for Ayurvedic treatment at hospitals equipped with facilities for allopathy only. This study recommends that health organizations should invest in research about dengue, develop innovative methods for forecasting and reduce the treatment cost. In addition, health organizations must be proactive in educating citizens and controlling the disease. , India and the health officials at the Municipal Corporation of Delhi (MCD) quoted that the climate change was one of the major factors responsible for the prolonged spell of Dengue cases in the capital (Nandi, 2015) . Singh (2015) stressed that the unplanned urbanization, which resulted in inadequate water supply in the city, could also be responsible for the repeated outbreaks of dengue fever. In order to meet their need for water, people are storing water in tankers. These tankers are not cleaned as they should be and thus have created breeding spaces for mosquitoes. Nandi (2015) pointed out that every house may have 15-16 containers on average, such as flower vases, and bamboo and bird feeding pots. There are many more reasons for the spread of dengue fever in
Introduction
Dengue has become a global problem over the years as is evident from statistics. Gupta et al. (2012a) reported that 2.5 billion people live in dengue-risk regions with about 100 million new cases are added each year worldwide. They also mentioned that the cumulative burden of dengue disease had increased in an unprecedented proportion in recent years with a large population at risk. According to Brady et al. (2015) , about 3.9 billion people, in 128 countries, are at the risk of being infected with dengue viruses. There is still no specific treatment of dengue fever at the current stage and its fatality rate is less than 1%. It is a well-known fact that four distinct, but closely related serotypes of the virus are causing dengue fever. They are named as DEN-1, DEN-2, DEN-3 and DEN-4 (World Health Organization, 2017) . During the year 2015, a large number of dengue fever cases was discovered at different places of India. The national capital state, Delhi had to face an unpredictable number of dengue fever patients.
Dengue appeared in Delhi many years ago. It was reported to occur in Delhi during 1967 , 1970 , 1982 (Dhar et al., 1999 . But the official diagnosis of dengue fever in Delhi was not conducted until 1996. Since then, it became a permanent resident of Delhi. Moreover, the surrounding areas of Delhi are also being infected each year. Many states, where dengue fever cases were not commonly seen before, suffer from its emergence in recent years. In those places, the population density is much higher than in Delhi. Thanks to the political position of Delhi, more resources can be employed for the control of the disease because it is the national capital. But the scenario is totally different in the surrounding areas. News of this epidemic disease in the capital city each year may impact many sectors of the national economy. It has become one of the most challenging missions for the Indian government to prevent dengue fever from spreading.
India, but the lack of serious statistical data has hampered the intervention of the authorities from taking effective measures to prevent the reoccurrence of this disease, as per the reports of NIMR and MCD.
Patients with dengue fever tend to opt for allopathic treatment since most of the famous hospitals are equipped with facilities for this treatment especially in big cities in India. Delhi is not an exception. There are 37 government-owned hospitals in the States of Delhi, but very few well-known hospitals offer homeopathic and Ayurvedic treatment. According to the official data, among these 37 hospitals, one offers Ayurvedic treatment, two offer homeopathic treatment and the remaining 34 hospitals offer allopathic treatment.
However, dengue has had made Ayurvedic treatment very popular among patients in India. Many patients choose to take Ayurvedic treatment while staying at hospitals, where even the allopathic treatment infrastructure is available. The most popular treatment with the patients is goat milk, juice of papaya leaves, juice of Tinospora Cordifolia (Giloy) leaves, juice of tulsi (Ocimum Tenuiflorum) leaves and ginger powder.
Some of the medications made of natural ingredients are also available at markets. They are given to the patients of dengue fever their caretakers and family members even after they are admitted to hospitals with professional doctors and nursing staff. Patients would follow the instructions from people they trust rather than the medical staff at hospitals.
The epidemic nature of dengue fever has caused the huge cost to the country each year. But there is no vaccine available to control the occurrence and spread of this disease except eliminating the mosquito breeding sites. In order to offer more evidence for effective control of dengue fever, this paper summarizes the general situation of the dengue fever cases in the state of Delhi, analyzes more reasons responsible for this disease and focuses on possible measures for prevention. This study highlights that the neglect of research and innovation by government health organizations serves as the major cause for its emergence or reemergence. This study makes the following suggestions regarding the desirable actions in the control of dengue fever: (1) to increase the investment in research and innovations about the treatment of this disease;
(2) to create exhaustive databases to forecast its spread; (3) to reduce the treatment cost for patients who are not covered by the medical insurance; and (4) to take possible proactive actions to prevent its emergence.
Methodology
This research note consists of an exploratory analysis of the statistical data of dengue cases in Delhi, a summary of the historical perspective and its unique trend from 1991 onwards. This study is based on secondary data collected from different sources including newspapers, published scientific research papers, the internet websites and the news bulletins of health organizations of the government. Furthermore, the author interviewed fifteen employees of the private hospitals in Delhi (India) and Faridabad (India) with respect to the treatment of the dengue fever and its cost. Such first-handed data is basically qualitative in nature but includes some quantitative data as well with respect to the treatment cost. Because these medical employees would rather not discuss the issue regarding the dengue treatment in groups and in public. Therefore, the author held private and individual discussions with them. In addition, the author collected data from more than 30 patients about their expectations in the treatment of dengue fever and the acceptable amount for its cost. Past numerical data are presented in the form of tables to support more meaningful conclusions. These data include the number of dengue fever cases in Delhi as reported by the various organization, the spread of dengue fever in different areas of Delhi, the types of dengue fever in Delhi in each different years, etc.
Based on the analysis of the above data, this study attempts to identify the public concerns related to dengue fever, reveal some of the research and innovation efforts for its control and highlights the challenge of the changing patterns of serotypes and the high cost the patients have to burden.
Exploratory Analysis of the Statistical Data of Dengue Cases in Delhi
This section presents an exploratory analysis of the statistical data of dengue fever cases as reported in the various areas of Delhi. It is worth mentioning that these data are collected from well-known sources, including data collected both by the official government and private organizations in Delhi. As the capital of the country, Delhi has a connected network of hospitals, which shares data for medical treatment. Therefore, data about the dengue fever cases were available to the public. The numbers of the deaths caused by dengue fever in Delhi from 2010 to 2015 are shown as in Table   1 . These data were collected from two sources of the state government of Delhi. One is the Municipal Corporation of Delhi (MCD) and the other is the state government of Delhi. It is evident that the data from these two sources do not coincide with each other, which suggests the poor quality of the data. There is a huge difference between the two sets of data provided by the two arms of state government. It is very confusing which set of data tells about the true situation. The important issue is that these data are used by health organizations for discussions on how to control the dengue fever. It is an urgent need that government should devise more functional methods for data collection regarding the dengue fever. Without reliable data on hand, no production discussion can be held on how to reduce its emergence. This is a typical case of the serious variation in the reported data about dengue fever cases from different sources within the country.
Confusing Data of the dengue deaths in Delhi (2010∼2015)

Corrective data of dengue fever
It is very difficult for definite figures regarding the dengue fever cases and its deaths. Though different sets of data provide different numbers, the author made an effort to make meaningful explanations about those figures and find out the trend in its occurrence. The data presented in Table 2 is an investigation conducted at Hindu Rao Hospital (HRH), a government-owned hospital with 980 beds in North Delhi, India. It is concluded in this preliminary study that out of the 8,138 samples, 1,600 (19.7%) were found positive for dengue-specific IgM antibodies. This indicates that some of the patients who visit hospitals with fever are not dengue-infected. Table 2 also shows that there was a decreasing trend in the total number of dengue fever cases at this hospital during 2006 2010 and the occurrence of this disease is seasonally affected by the terrible climate conditions. The hot and humid weather in Delhi is the major factor causing this disease.
The number of death cases decreased during the same period of time. This could be closely related to the effective measures taken by the health department in controlling the breeding of mosquitoes, which largely prevents the deterioration of the disease. Table 3 and 4 offer information about the emergence of dengue fever during 2010 to 2015. It can be seen from the data that there were dengue fever cases in all months except January in 2015. This, once again, proves that this disease is a seasonal phenomenon, and the hot and humid weather is a major cause. Table   3 shows that dengue fever happens more frequently in the latter half of the year. If the dengue fever cases are large in number in July, then more striking numbers of infected cases will follow in the coming months of the year. This was the case with 2015, too. Table 5 gives a summary of the data from 2002 to 2015. According to Table 2 and Table 3 , it can be inferred that there was a reduction in deaths caused by dengue fever after 2006 in Delhi. The reasons are not clearly reported in the literature. One possible reason could be the climatic conditions. When the hot and humid weather prolonged in the summer of 2015, there was the sudden outbreak of dengue fever in Delhi.
Breaking all Records
According to TNN (2015b), the figure of the dengue cases and deaths shows unprecedented growth in 2015 (Table 6 ). But at the end of October 2015, there was a decline in the number of new dengue cases (Table 7) .
Four reasons were cited by the experts for this decline: (1) declining temperature;
(2) intensive fogging; (3) improvement of the public awareness to protect themselves; and (4) proactive role of government agencies.
It was further reported that Den-2 (Type-II) and Den-4 (Type-IV) were the predominant virulent strains which led to the outbreak of dengue fever in 2015. Year/Month 2006 Last few Months of Dengue fever in Delhi in 2015 Table 8 reports the data from September 21, 2015 to October 20, 2015, the very last month of the outbreak of dengue fever in Delhi. It can be seen from the data given in Table 8 that numbers of cases of dengue fever have increased from 3791 on September 21 to 12,531 on October October 20, 2015. This was certainly an alarming situation. Some hospitals, such as Lok Nayak Hospital, reported that 90% new cases were dengue positive during the above mentioned time. The entire city of Delhi was affected by the disease and the impact of dengue was not limited to a corner. Though the data is not complete but give an idea that the disease put Delhi in a serious situation.
Types of Dengue Viruses Prevalent in Delhi
As explained above, there are four types of viruses that spread dengue disease in India. These viruses are called type 1 to type 4 or DEN-1 to DEN-4 or DV-1 to DV-4. Type 1 is identified with the classic dengue fever, and Type 3 causes high grade-fever without shock. These two are identified as relatively mild serotypes.
The most severe strain is Type 4, which leads to high fever shock. Type 2 causes thrombocytopenia or a drop in platelets, hemorrhagic fever and organ failure, which are also called Dengue Shock Syndrome (DSS) (Chatterjee, 2015 a ).
Exploratory Analysis of Emergence of Dengue Fever Cases in Delhi, India The data of the serotypes, which were prevalent in the past years in Delhi, is shown as in Table 9 . Again, the data demonstrates inconsistency among the various sources. This could be the result of the different methods used by the experts to investigate. Some of the studies mention only the prominent serotypes, but some describe all the serotypes even with minor presence. In sum, all four types of serotypes have been reported to be responsible for the dengue among the Delhi population. It is difficult to report which serotype is the one causing the serious situation. Sometimes two serotypes or a particular combination of two or three serotypes may remain active for several years. Anyhow, there is no clear conclusion as to what on earth is the trend of dengue in Delhi. Since the predominant serotypes are changing constantly, it is difficult to make a prediction and take preventive measures. But, one conclusion is drawn by the majority of researchers that DEN-2 and DEN-4 are more deadly than DEN-1and DEN-3. Since the sample numbers are relatively small compared to the large population in Delhi, support from the government is definitely needed for future research on dengue in Delhi in order to reach more persuasive conclusions. (Vajpayee, 1999; Kumaria, 2001) 2001
No description
Den-1 (Kukreti et al, 2009) 
2002
No description Den-1, 2, 3 ansd 4 (Gupta et al, 2006) Jun-02 320 samples collected at Lok Nayak Hospital, Delhi
Den-1, 2, 3 and 4 (Kumaria, 2001) 2003 1820 samples Den-1, 2, 3 and 4 (Kukreti et al, 2010; Gupta, 2006) 2003 162 suspected samples Den-3 (Dash, et al, 2006) 2004 162 suspected samples Den-3 (Dash, et al, 2006) 2005 No description Den-3 Varshney, 2013; Gupta, et al, 2006) 2006 69 samples Den-3 (Chahar et al, 2009 (Chahar et al, ) 2007 No description Den-2 and 3 (Gupta, et al 2012b; Varshney, 2013) 2008 177 cases Den-1, 2 and 3 (Chakravarti, et al, 2010 ) (Gupta et al, 2012b) Sep-07 No description Den-1, 2, 3 and 4 (with Den-1 the most prevalent serotypes) (Matlani and Chakravarti, 2011) Nov-10 No description Den-1 (Chatterjee, 2015a) 2012 107 samples Den-1, 2 and 3 (Sharma, et al, 2014) 2013
No description
Den-2 (Chatterjee, 2015a; Varshney, 2013) Den-2 was predominant but Den-1 and Den-3 were also present (Afreenl, 2014; Anwar, 2015) 2014
No description Den-2 and 4 (PTI, 2015b)
2015
No description Den-2 and 4 (Chatterjee, 2015b), Den-2 and Den-4 (Anwar, 2015) Conclusions Based on the analysis data presented above, the following can be concluded regarding the dengue in Delhi:
(1) The analysis of various statistics with respect to the number of dengue fever cases in Delhi indicates that cases of dengue were diagnosed throughout the year during 2015 and the number of cases increased in an unprecedented way. It used to be a seasonal disease, starting in the month of July and achieving its peak either in the second half of September or first half of October. But in recent years, it tends to affect people's life in Delhi all year round. The undesirable climatic conditions and the delayed reaction of the health organizations in tackling with the breeding of mosquitoes have been reported to be responsible for the disease. The former issue cannot be controlled but the latter problem could be solved through the combined efforts of the government and the local residents.
Educating urban population is an important part of the proactive measures. Individual residents are supposed to quit irresponsible behaviors in their daily life for more efficient water and garbage/waste management. Communities should gather financial contributions for the upkeep of their surroundings. The government should make environment-friendly laws so that citizen can learn to appreciate advantageous values and benefits through the implementation of such regulations and rules. There is a need to integrate penalty rules into the administrative system so that people will pay attention to improve their sanitary conditions and reduce the risk of being infected by the disease.
(2) Research studies reveal that all four types of serotypes are present in most of the years in the dengue spreading in Delhi, though one or two types may appear to be dominant. Since most of the studies were conducted with a small number of samples in different hospitals in Delhi and not on regular basis, longitudinal studies are in urgent need for meaningful conclusions. Such research activities cannot be conducted smoothly without the budget allocation from the national government.
(3) Due to the poor quality of the data collected by different agencies, there is a stumbling block in the efficient and optimal usage of the limited resources available in controlling the dengue fever in Delhi. Official data always tend to minimize the severity of the situation while unofficial agencies tend to report that dengue caused much more people to dies. Non-governmental media even reported a number of dengue fever cases 300 times higher than the official figure (Burke, 2014) . According to Bagla (2015) , National Vector Borne Disease Control Programme captures only 0.35 percent of the annual number of clinically diagnosed dengue cases in India . An effective recording system will help the government to lead to more precise forecasting and better decisions in policymaking.
The government should make efforts to improve the quality of the data. This can be achieved by implementing technologies such as data warehouse, data marts, big data, data mining, data analytics, into the daily work of Ministry of Health in the central government. Automated integration of different types of data (text, numeric etc.) from different sources should be realized and the database is to be updated at regular intervals. This data should be embedded with forecasting models including data of climatic parameters responsible for the spread of disease in given regions.
(4) The government must come out with policies which encourages research and innovations about Dengue.
One step in this direction could be the creation of two to three research centers which take serious record each year and make suggestions on the potentially effective treatment of dengue based on accountable data. The research funding should be provided by the government and non-governmental provided with the fund to find a solution as it is done in the case of Malaria (Iyer, 2015) .
In addition, many precautionary measures are been reported by the health organizations but no specific discussions are being held on the effective treatment of dengue fever. The best-known treatment is
Ayurvedic treatment, which is not available to the patients in a scientific way. More experiments need to be conducted with respect to the effectiveness of the above-mentioned herbs in treating dengue.
Companies should also develop medicines with natural ingredients which cause less side effects and suffering.
(5) There is an urgent need to develop vaccine for dengue fever as early as possible and effective medicine which can cure the disease as well. It is believed by the local residents that many Ayurvedic treatments, such as the leaf of papaya, Giloy (Tinospora Cordifolia) juice, milk of goat, ginger powder, Tulsi (Ocimum Tenuiflorum) leaves etc., are very effective. But up till now, there has no scientific evidence to show their effectiveness. There is an urgent need for doctors and hospitals to verify their utility of such treatment. Moreover, cheaper alternative medicine is to be developed in order to better help those patients suffering from the disease each year.
